Abstract: Vegetation cover and groundwater level changes over the period of restoration are the two most important indicators of the level of success in wetland ecohydrological restoration. As a result of the regular presence of water and dense vegetation, the highest evapotranspiration (latent heat) rates usually occur within wetlands. Vegetation cover and evapotranspiration of large areas of restoration like that of Kissimmee River basin, South Florida will be best estimated using remote sensing technique than point measurements. Kissimmee River basin has been the area of ecological restoration for some years. The current ecohydrological restoration activities were evaluated through fractional vegetation cover (FVC) changes and latent heat flux using Moderate Resolution Imaging Spectroradiometer (MODIS) data. Groundwater level data were also analyzed for selected eight groundwater monitoring wells in the basin. Results have shown that the average fractional vegetation cover and latent heat along 10 km buffer of Kissimmee River between Lake Kissimmee and Lake Okeechobee was higher in 2004 than in 2000. It is evident that over the 5-year period of time, vegetated and areas covered with wetlands have increased significantly especially along the restoration corridor. Analysis of groundwater level data (2000)(2001)(2002)(2003)(2004) from eight monitoring wells showed that, the average monthly level of groundwater was increased by 20 cm and 34 cm between
Introduction
Wetlands are among the most valuable ecosystems in the world and are useful for improving water quality and storing floodwaters and releasing it slowly as they travel downstream. Wetlands offer habitat for wildlife and are critical in supporting biodiversity. Wetlands also provide valuable open space and promote wonderful recreational opportunities. Anthropogenic changes in the hydrology of wetlands due to drainage for agricultural activities, urban development and other activities will result in an impacted wetland loosing its natural function. Over the last century, millions of acres of wetlands have been lost to urban development and agricultural area expansion through out the US.
Watershed planning designed to strategically restore wetlands has the potential to provide dramatic benefits by restoring ecosystem-level processes (functions) that maintain water resource integrity. Hydrology determines the establishment and maintenance of specific types of wetlands and wetland processes and is the most important factor that will influence the success of a wetland restoration (Clewell and Lea, 1989 , and Mitsch and Gosselink, 2000) . Assessment of hydrologic recovery following wetland restoration/creation is generally based on water table elevations measured in shallow groundwater wells (Myers et al., 1995; Niswander et al., 1995 and Wilson and Mitsich, 1996) . Change in vegetation cover and evapotranspiration due to the shallow water presence in wetlands have also been used as an important indicator of recovery of hydrology and vegetation of wetlands .
Understanding hydrologic processes of wetlands is a fundamental key in their effective ecosystem restoration and creation (Mitsch and Gosselink, 2000) . According to the National Research Council Wetland restoration is designed to restore the functions and values of wetland ecosystems that have been altered or impacted through removal of vegetation, cropping, construction, filling, grading, and changes in water levels and drainage patterns. Processes occurring outside the wetland such as influx of sediments, fragmentation of a wetland from a contiguous wetland complex, loss of recharge area, or changes in local drainage patterns can also alter functions of wetlands. The main goal of a wetland restoration is to restore the hydrology and vegetation back to their original condition or to insure ecological integrity. The first step in wetland restoration is to restore the hydrology or water back to the wetland area. For large areas of wetland, satellite imagery techniques have now become the most effective method for regional vegetation cover acquisition and spatial mapping of evapotranspiration ).
Role of Remote Sensing
Remote sensing uses measurements of the electromagnetic radiation, usually sunlight reflected in various bands, to characterize the landscape, infer surface properties, or in some cases actually estimate hydrologic state variables. Measurements of the reflected solar radiation (visible and short wave infrared sensors) give information on land-cover, extent of surface imperviousness and albedo. Thermal radiation (thermal-infrared sensors) gives estimates of surface temperature and surface energy fluxes.
Researchers have conducted studies using vegetation indices to derive the relationship between remotely-sensed radiance and biophysical properties of forests (Boyd et al., 1996; Curran et al., 1992) . Multi-temporal Normalized Difference Vegetation Index (NDVI) data derived from Landsat sensors (Spanner et al., 1990; Danson and Curran, 1993) (Wang et al., 1998) . These studies have shown that the application of remote sensing in spatial mapping of flux and surface parameter to characterize the response of land surface to vegetation dynamics.
Kissimmee River Basin
Over the years, hundreds of thousands of kilometers of river corridors and millions of hectares of wetlands have been damaged throughout the United States. Ecosystems of south Florida, especially the Everglades and the Kissimmee River basin have been one of these areas of continuous ecological alterations since the early 1900s. The conversion of wetlands to agricultural and urban areas, the channelization of the Kissimmee River between 1962 and 1970 for flood control, and the current restoration activities have caused ecological alterations.
Before channelization, the historical Kissimmee River meandered and flooded over 18,000 ha floodplain. Between 1962 and 1971, for the purpose of flood control, the river was channelized to 90 km long, 64-105 m wide, and 9 m in depth canal. The channelization drained 12,000-14,000 ha wetlands, destroying the delicate ecological balance between the flora, fauna, and hydrology of this riverine ecosystem (Toth, 1996) .
The Kissimmee River Restoration Project (KRRP) started in 1999 with the goals of reversing the environmental damage that was brought by the channelization in order to restore the headwaters of the Everglades ecosystem (Stover, 1992 ). The project restores over 102 Km 2 of river/floodplain ecosystem including 69 km of meandering river channel and 10, 900 ha of wetlands.
Restoration Activities at Kissimmee River Basin
Successful restoration of the ecosystem requires ecohydrological integrity where the ecosystem is capable of supporting the biodiversity, value and function of wetlands comparable to the natural level through the restoration of the hydrology and vegetation.
The KRRP is working to reestablish the hydrologic conditions, recreate historical floodplains, wetland vegetation and biodiversity and functionality through the removal of flood control canal, water control structures and levees. The project expects the restoration of historical wetland ecosystems including a meandering river channel with a diversity of depths and wetland plant communities on the floodplain (Williams et al., 2007) . The specific restoration activities undergoing since 1999 are rechannelization, reconnecting remnant river channels, backfilling of dredged canals, revegetation and land acquisition.
The KRRP monitors hydrology, dissolved oxygen, riverbed organic layer, littoral vegetation, water quality, geomorphology, number of fish, invertebrates and birds, and swimming fisheating birds.
The overall objective of this study is to characterize the basin's vegetation cover and changes in latent heat flux for the different stages of restoration. Changes in the groundwater level for selected wells are also analyzed.
Methodology, Study area and Datasets

Study Area
The study was conducted in the Kissimmee River basin located north of Lake Okeechobee in South Florida (Figure 1 
Data Sets
Groundwater Data
In order to analyze the effect of restoration on the groundwater levels, monthly water level was analyzed from eight selected monitoring wells from 2000-2004. Wells were selected to represent the different parts of the basin. The location of the selected monitoring wells in this study is shown in Figure 2 . 
NDVI-T S -Albedo Relationship
From MODIS data, monthly values of NDVI, T S and albedo were generated for the months of 
Fractional Vegetation Cover (FVC) Mapping
The NDVI (Rouse et al., 1974 ) is a measure of the degree of greenness in the vegetation cover of a watershed. It is the ratio of the difference to the sum of the reflectance values of near-infrared (NIR) and red bands. In highly vegetated areas, the NDVI typically ranges from 0.1 to 0.7, in proportion to the density and greenness of the plant vegetation. Clouds, water and snow, which have larger visible reflectance than NIR reflectance, will yield negative NDVI values. Rock and bare soil areas have similar reflectance in the two bands and result in NDVI values near zero.
To understand the change in the fractional vegetation cover for images of different scenes and dates, the scaled NDVI (NDVI s ) has been used by many researchers (Price, 1987 
Where FVC ranges between 0 and 1. The FVC is an indicator of the level of vegetation cover at a pixel level, which is a very good estimate of the percent of pixel area covered by vegetation.
Latent Heat Mapping
Remote sensing-based evapotranspiration (ET) estimations using the surface energy budget equation are proving to be one of the most recently accepted techniques for areal ET estimation SEBAL requires weather data such as solar radiation, wind speed, precipitation, air temperature, and relative humidity in addition to satellite imagery with visible, near infrared and thermal bands. SEBAL uses the model routine of ERDAS Imagine in order to solve the different components of the energy budget equations.
In the absence of horizontally advective energy, the surface energy budget of land surface satisfying the law of conservation of energy can be expressed as,
where R n is net radiation at the surface, LE is latent heat or moisture flux (ET in energy units), H is sensible heat flux to the air, and G is soil heat flux. Energy flux models such as SEBAL (Bastiaanssen et al. 1998a; Bastiaanssen et al. 1998b ) solve equation (3) by estimating the different components separately. With R n , G, and H known, the latent heat flux is the remaining component of the surface energy balance to be calculated by SEBAL. Rearranging equation (3) gives the latent heat flux where:
The detailed technique for estimating latent and sensible heat fluxes using remotely-sensed is documented and was tested in Europe, Asia, Africa, and in Idaho in the US and proved to provide good results (Bastiaanssen et 
Results and Discussion
NDVI-T S -Albedo Relationship
The scattergram of NDVI-T S -Albedo (Figure 4 
Fractional Vegetation Cover Changes
Fractional Table 1 ). The actual changes in the FVC will require a field sampling and close observation. This study does not identify the type of vegetation and if this response is a desirable one. Table 1 shows statistics of the FVC for the period of the study for the area along the river as shown in Figure 5 . 
Groundwater Data
Groundwater level is an indicator of the response of wetlands to restoration. Change in hydrology of wetlands with shallow groundwater table is used as one of the measure of success of the restoration activity. Eight groundwater monitoring wells were selected to represent the different locations in the basin. Monthly groundwater level from these wells was used and comparisons were made for the period of study. Taking in to account the volume of rainfall for most of the year, it is shown that wells along the rivers has shown a shallower ground water table between 2001 and 2003 (Table 2) compared to the rest of the years ( Figure 7) . It was also shown that analysis of groundwater level data 
Concussions and Summary
Response of the Kissimmee basin's hydrology and vegetation to the recent restoration was evaluated using MODIS-based FVC, spatial latent heat flux and groundwater records. The NDVI-T Salbedo relationship was also analyzed for the 2000-2004 period. Using NDVI, T S and albedo values for the month of April, unsupervised classification was conducted and scattergram was generated. Results show that for the highly vegetated portion of the graph, a negative correlation between NVDI-T S and NDVI-albedo was observed. It was also indicated that for the less vegetated (lower NDVI) part, the NDVI-T S -albedo relationship was not clearly defined. Taking into account the amount of rainfall, this observation is valid and reasonable. Understanding the complete ecohydrological response of the basin due to the restoration work will require collection and analysis of vegetation cover at finer scales than reported in this study.
